Film theorists have long acknowledged the role of music within the movie-viewing experience (Bordwell & Thompson, 1979; Giannetti, 1982; Johnson, 1969) , and during the past decade, a number of psychological studies have found that music does in fact exert a significant impact upon the perception, interpretation, and remembering of film information. However, what remains unclear is whether music is encoded into the cognitive system during movie viewing, and if so, in what manner? Is music jointly encoded with its corresponding visual images, such that attending to one dimension leads to an incidental learning of the other? Alternatively, such a strategy may exceed a viewer's attentional capacity, such that encoding only occurs if a given dimension, music or film, is selectively attended to independently of the other. Finally, beyond the issue of encoding, how music is represented in memory relative to film is also a question that remains unanswered.
The Influence of Music on the Perception and Interpretation of Filmed Events
Filmmaking primarily relies on the visual medium to relate a story. Nonetheless, the accompanying soundtrack is an integral component that conveys not only the characters' dialogue but, of greater interest here, a musical score that can contribute to the story's meaning. One common technique is to play music in parallel with a given episode to enhance or diminish its emotional impact. Through the structural interplay of pitch, timing, and loudness characteristics, music can evoke different moods (Hevner, 1936; Levi, 1982; Rigg, 1964; Scherer, 1979) that are then incorporated into the ongoing visual action. For example, the eeriness of a mystery or the tenderness of a romance can be intensified with music of a similar affect. On other occasions, a technique known as ironic contrast (Bordwell & Thompson, 1979; Giannetti, 1982) may be used to distill the extreme negativity of a scene. The movies Bonnie and Clyde and A Clockwork Orange provide examples of violent episodes that are accompanied by incongruent music.
Several empirical studies have confirmed the effectiveness of these different techniques. In one study by Bolivar, Cohen, and Fentress (1994) , the subjects watched films of wolves engaged in various social interactions. These interactions had been prejudged as relatively friendly or aggressive in nature and were paired with mood-congruent or -incongruent music. Results indicated that relative to a no-music control group, ratings of the wolves' aggressiveness or friendliness significantly increased in the presence of "aggressive" or "friendly" music, respectively. Conversely, ratings of the same activities were diminished in the presence of mood-incongruent music. Similar effects have been demonstrated by others (e.g., Lipscomb & Kendall, 1994; Marshall & Cohen, 1988) , and as a set these studies validate the role of music in conveying emotive meaning.
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The cognitive processing of film and musical soundtracks MARILYN G. BOLTZ Haverford College, Haverford, Pennsylvania Previous research has demonstrated that musical soundtracks can influence the interpretation, emotional impact, and remembering of film information. The intent here was to examine how music is encoded into the cognitive system and subsequently represented relative to its accompanying visual action. In Experiment 1, participants viewed a set of music/film clips that were either congruent or incongruent in their emotional affects. Selective attending was also systematically manipulated by instructing viewers to attend to and remember the music, film, or both in tandem. The results from tune recognition, film recall, and paired discrimination tasks collectively revealed that mood-congruent pairs lead to a joint encoding of music/film information as well as an integrated memory code. Incongruent pairs, on the other hand, result in an independent encoding in which a given dimension, music or film, is only remembered well if it was selectively attended to at the time of encoding. Experiment 2 extended these findings by showing that tunes from mood-congruent pairs are better recognized when cued by their original scenes, while those from incongruent pairs are better remembered in the absence of scene information. These findings both support and extend the "Congruence Associationist Model" (A. J. Cohen, 2001) , which addresses those cognitive mechanisms involved in the processing of music/film information.
Other studies have shown that in addition to influencing the overall emotional impact of a scene, music can bias the interpretation of visual events (e.g., Bullerjahn & Güldenring, 1994; Lindner & Hynan, 1987; Liu, 1976; McFarland, 1984; Parrott, 1982) . For example, Boltz (2001) asked participants to view three ambiguous film clips accompanied by positive or negative music or none at all. Immediately after viewing each clip, one group was asked to extrapolate the film's ending and evaluate the motivations of the main characters. A second group was asked to return a week later for a surprise recognition memory test that assessed the remembering of certain objects within each film. The results revealed that relative to the no-music control group, positive and negative music biased viewers' interpretations and subsequent remembering of a film in a mood-congruent fashion. These findings indicate that music can provide an interpretive framework that clarifies the characters' temperaments and their relationships to one another, as well as clarifying their actions and underlying motivations. Music also guides attending toward those aspects of a film that are consistent with this framework, and thereby determines which elements are remembered best and which might be confabulated. In short, music contributes to a schematic structure that integrates a scene's action into one cohesive framework that directs the path of perception and attention, influencing both comprehension and memory.
Music in Memory?
Although it seems clear that music can become an integral aspect of film, it is not yet clear what happens to music after a scene has been viewed. Perhaps once music conveys its emotive message, it is discarded for further processing, much as the syntax of sentences is lost after the extraction of semantic meaning (Fillenbaum, 1966; Sachs, 1967; Wanner, 1974) . Anecdotal evidence suggests that this is not the case, because we often find ourselves humming a theme song or recognizing soundtracks from movies we have seen. On an empirical level, some research provides insight into this issue, although this research is also limited in its scope and conclusions. Boltz, Schulkind, and Kantra (1991) examined the effect of certain film techniques upon remembering. Tunes that had been prejudged as positive or negative in their overall affect were paired with different film clips that resolved in a positive or negative ending. The mood congruency of these pairs was varied, as was the music's placement. A control group heard no music, but in two other conditions, music either foreshadowed or accompanied the films' resolution. Afterward, three surprise memory tasks were administered: free recall of all film clips; tune recognition; and cued scene recognition, in which subjects had to decide which of six scenes had been originally paired with a particular tune. The results of the film recall task revealed that in the accompanying condition, films with mood-congruent music were better remembered, but in the foreshadowing condition, expectancy violations arising from mood incongruencies were more memorable. The results of the two tasks assessing memory for music, however, were more inconclusive. Although tune recognition exceeded chance in some conditions, the primary finding was that positive tunes were more discriminable than negative ones. This finding suggests that the former were inherently more memorable than the latter-a possibility that was not assessed through a preliminary pretest. The results of the cued recognition task were equally inconclusive. Although people could remember which scene had originally co-occurred with a given melody, there was also a high level of false recognition. The nature of the design did not permit a signal detection analysis, so the level of discriminability independent of response bias effects could not be ascertained. In sum, the findings of this earlier experiment suggested that music might be encoded into memory, but the validity and reliability of these effects remain in question.
Suppose, however, that musical soundtracks are in fact encoded into memory during movie viewing. How does this process occur? One possibility is that music and film are jointly encoded as a unified entity. If so, then attending to one dimension should result in the incidental learning of the other, and no performance decrement should occur if attending is divided between both dimensions at once. In fact, instead of interference, a facilitation effect may occur in cases of dual attending: Given that music can provide an interpretive framework that allows one to generate inferences (Boltz, 2001) , this situation may lead to an integration and elaboration of film information that enhances its memorability. The reverse situation may also apply, in such a way that the remembering of a music soundtrack is enhanced by the visual medium. Of these two scenarios, the former may be more likely than the latter, due to the visual dominance effect that often emerges when multiple modalities are available (Posner, Nissen, & Klein, 1976) .
A second possibility is that instead of a joint encoding, music and film are encoded independently of each other. A given dimension would then be well remembered if it was selectively attended to during a movie's viewing, but there would be no reason to expect an incidental learning of the second dimension as well. Performance on a divided attending condition would provide additional insight into the underlying attentional mechanisms at play. Some theorists, such as Kahneman (1973) , have argued that a centralized mechanism is used by all tasks, regardless of their characteristics. Within the context of a film, attending to both music and film may exceed our cognitive capabilities-meaning that the memory of music and film information within a divided-attending condition should be much worse than that within unimodal conditions. Other researchers, however, have suggested that separate task-specific resources exist that do not interfere with one another (e.g., Navon & Gopher, 1979; Wickens, 1984) . Given that music and film rely on two different sensory modalities, separate processing capacities may be invoked that are specific to each medium. If so, there is no reason to expect an incidental learning of one dimension when attending to the other, and no interference effects should occur with divided attending.
A third possibility is that the encoding process depends on the structure of the film and, in particular, the degree of mood congruency between film and music. A joint encoding may be more likely to occur in cases of mood congruency in which musical affect can direct viewers' attending toward those aspects of a film with a similar connotative meaning and thereby integrate music and film into one coherent framework. Mood-incongruent music, on the other hand, may lead to independent encodings of film and music. Although mood incongruency is sometimes used for ironic contrast, the emotive meaning of music conflicts with that of the film, so that it is not always clear where attending should be directed or how the conflict of information can be resolved within one interpretative framework. Given that music and film seem relatively dissociated from each other in this situation, each may be encoded independently of the other.
Finally, in addition to the issue of encoding, there is also the question of how music and film are stored relative to each other in memory. If mood congruency leads to a joint encoding, this encoding may be reflected as a unified representation. On a behavioral level, this would mean that one medium should serve as an effective retrieval cue for the other, and viewers should be able to remember which particular scene was paired with a given soundtrack. Conversely, if incongruent relationships are encoded in an independent fashion, such encoding could also lead to independent memory representations. Behaviorally, one medium should not act as a retrieval cue for the other, and viewers should be unable to remember which scene was paired with a particular tune.
The existing literature sheds little light on these various issues. One exception in this respect is a study by A. J. Cohen (2004) , who presented the participants with movie segments paired with the original soundtracks and instructed the participants that they would later be asked to recognize scene or music information. When performance on these tasks was compared with that of the participants who had either watched the film without music or heard the music alone, no differences were observed, indicating that the two modalities did not interfere with each other during encoding. A second study within this research revealed further evidence of an integrated memory code when it found that the participants could successfully remember the particular tune that had originally co-occurred with a particular scene. Such findings provide some initial insight into the cognitive processing of music/film information. However, some questions remain unanswered: First, it is unclear whether encoding occurs in a unified or an independent fashion. Although Cohen found that bimodal presentation results in the same level of recognition performance as unimodal presentation, the lack of interference in the bimodal condition could result from either an allocation of task-specific resources or a joint encoding of music/film information. To distinguish between these two processes, one must manipulate and compare intentional with incidental learning of music/film information. Second, the potential impact of mood congruency has not yet been assessed. Although Pezdek and Stevens (1984) found that the degree of congruency between verbal dialogue and visual action can influence cognitive processing abilities, it is unclear whether these results generalize to mood relationships between music and film.
The purpose of the present research is to investigate these issues by means of two experiments. Experiment 1 is designed to examine (1) how selective attending influences the ability to remember each modality and (2) the nature of the subsequent memory representation. Experiment 2 acts as a converging operation to determine whether the results replicate and generalize to a cued recognition task.
EXPERIMENT 1
In Experiment 1, the participants viewed a set of film clips accompanied by a musical soundtrack whose mood was either congruent or incongruent with that of the video. The main manipulation involved the type of instructions administered to the participants: They were told to attend to and remember the filmed activities, the musical soundtracks, or both in tandem. Immediately afterward, three types of memory tasks were presented: One assessed visual memory; in it, the participants were asked to recall each of the film clips they had viewed earlier. A second, in which the participants had to decide which tune of a pair had previously been heard, tested music recognition. For the final task, the participants were required to distinguish those music/film pairs that had originally co-occurred (i.e., old-matched) from those that had previously been encountered within different pairings (i.e., old-mismatched).
This experimental design is similar to that of A. J. Cohen (2004) and Pezdek and Stevens (1984) , but in lieu of varying what people were actually exposed to, the manipulation of selective attending allows one to administer the same set of memory tasks to all participants. By examining film recall and tune recognition for participants who attend to one modality alone, one can determine whether an incidental learning of the unattended dimension occurs and at a level comparable to that of intentional learning. The comparison of these conditions relative to the divided attending group is also important to reveal any interference effects that may emerge. Overall, then, these contrasts enable one to differentiae between a joint versus independent encoding strategy and whether this varies with mood congruency. The nature of the memory representation is addressed through the paired discrimination task and the ability to remember which tune accompanied a given scene.
Method Design and Participants
The experiment was a 2 ϫ 2 ϫ 3 mixed factorial. All participants viewed a set of film clips in which each clip's final outcome was either positive or negative in overall affect. In one group, the mood of the accompanying soundtrack was congruent with that of a film's outcome, but in a second group, the relationship was mood incongruent. The second between-subjects variable was the particular dimension the participants were instructed to attend to (film alone, music alone, film and music).
Seventy-two participants from an introductory psychology course at Haverford College were tested in the experiment for course credit. Twelve were randomly assigned to one of the six betweensubjects conditions.
Stimulus Materials
Presentation phase. The filmed material was a set of film clips that had been used in a previous study by Boltz et al. (1991) . They had been extracted from feature-length films and several television programs and consisted of 20 clips, each approximately 3-4 min in duration. Each clip represented an episode within the overall context of a story in that it was marked by a clear beginning and end; episode outcomes were not entirely predictable, but they were either distinctly positive or negative in their overall affect. Each film clip contained dialogue among its main characters but no background music in its original version.
A set of musical selections was also obtained from Boltz et al. (1991) , consisting of 47 tunes that had been recorded from the same television programs as the film clips. All were approximately 20-30 sec in duration, of equal amplitude, and were performed by a single instrument with no accompanying lyrics. Half of the tunes displayed properties associated with positive affect-namely, a rapid tempo, major mode, and a wide variety of pitch changes; the remaining half displayed characteristics associated with negative affect-namely, a slow tempo, minor mode, and few changes in pitch (Hevner, 1936; Levi, 1982; Rigg, 1964; Scherer, 1979) . A set of pretests was then conducted to assess the relative affect, degree of familiarity, and overall memorability of these selections. In one, a group of 10 participants viewed a videotape of the 20 film clips and were asked to indicate for each, on a 7-point scale, whether a clip seemed familiar (1 ϭ very familiar) and how easy it would be to remember later (1 ϭ very easy to remember). In addition, the participants were asked to rate the affect of a film's outcome on a set of 13 bipolar adjectives using a series of 11-point Likert scales. These adjective pairs (shown in Appendix A) were based on Russell's (1980) multidimensional scaling model and represented the dimensions of activity/inactivity and pleasantness/ unpleasantness. An analogous procedure was used for the set of musical selections, in which a separate group of 10 participants evaluated each of the 47 tunes on the same dimensions.
The results of these two pretests were then used to develop the set of experimental stimuli. 1 Of the 20 film clips, 8 were discarded due to their familiarity and/or extreme ratings of high or low memorability. The 12 remaining clips, shown in Appendix B, represented a subset of those used in the original Boltz et al. (1991) study and displayed a mean memorability rating of 5.33. A similar elimination process was used on the set of musical selections to yield a total of 24 tunes, 12 for the presentation phase of the experiment and 12 distractors for the tune recognition task. Overall, the tunes displayed a mean memorability rating of 5.17. The profiles for all film and music selections based on the 13 affect ratings were then compared, and those 12 tunes and film clips with similar levels of activity and (un)pleasantness were paired and labeled as mood congruent. In this set of stimuli, the activity level and mood of the tune accompanying the last 30 sec of a scene were always consistent with the film's outcome. For the incongruent pairs, the same 12 tunes were paired with clips that displayed highly dissimilar patterns of ratings. An independent group of six judges confirmed the validity of all mood (in)congruent pairings. There were no instances in which a particular tune was paired with its original film clip.
Each set of film clips (congruent and incongruent) was arranged into two randomized orders. On each trial, a 1-sec warning tone preceded the presentation of a given film clip, which was then followed by a 90-sec response period.
Materials for the tune recognition task. This phase of the experiment consisted of a two-alternative, forced choice decision task consisting of 12 trials. On each trial, a 1-sec warning tone preceded the presentation of two tunes separated by a 2-sec period of silence; a 5-sec response period followed the presentations. One tune was a "new" distractor tune, the other was an "old" tune from the initial presentation phase. Both were matched for their overall affect, and total duration and amplitude were kept relatively constant across all trials. Two randomized orders were constructed for each (in)congruent stimulus condition.
Materials for the paired discrimination task. For this task, the last 30 sec from each of the 12 film clips was recorded onto videotape. On half of the trials, this scene was paired with its original music from the presentation phase (i.e., old-match). On the remaining trials, the scene was paired with an old tune that had originally been paired with a different scene of a similar affect (i.e., old-mismatch). Two randomized orders were created for each congruency condition, and within each order, a trial consisted of a 1-sec warning tone followed by a 1-sec period of silence, the stimulus pair, and a 5-sec response period.
Apparatus
A Panasonic AG-1950 video editing system, connected to two Panasonic VCRs and two NEC PM-1971 television monitors, was used to copy and edit the filmed material. Musical soundtracks were imposed by playing prerecorded music from a Kenwood KR-V5570 stereo receiver through a Sima SSM-3 sound mixing board, which allowed any existing dialogue within a film to be preserved. The volume of the music was adjusted to approximately three quarters of the amplitude of the scene's dialogue.
During the actual experiment, participants viewed the set of film clips on a 19-in. Panasonic CT-20R12T television monitor interfaced with a Panasonic PV-2501 videocassette player.
Procedure
The participants were tested in small groups of 2-4 individuals and received recorded instructions relating the stimulus presentation details and task requirements. During the first phase, different groups of participants were instructed to attend to the film, the musical soundtracks, or both in tandem, because each group would later receive a memory test on their assigned dimensions. To enforce selective attending, the participants were also asked to rate each of their respective stimuli on the basis of the same adjective pairs used in the pretest.
Following this initial phase, all participants were administered three types of memory tests. The ordering of the first two tasks was counterbalanced across all participants, but the third was always presented last to minimize any carryover effects.
Film recall. For this task, all participants were given 20 min to provide a written recall for each of the film clips they had just viewed. They were told they could recall the clips in any order, but that they should provide as much detail as possible on the sequence of action, the main characters, and the final outcome.
Tune recognition. The participants in this task were presented with song pairs in one of two sets of randomized trials. During a 5-sec response period after they heard each pair, the participants were asked to decide which melody of the pair (1 or 2) was "old" by circling the appropriate judgment on a response sheet.
Paired discrimination task. In this final task, the participants were assigned to one of the two randomized orders and shown the last 30 sec of each film clip they had viewed earlier. Their task was to indicate on a response sheet whether the accompanying music was the same as or different from the original music they had heard with the clip.
Results
The primary data 2 of interest are those from the three memory tasks, which were analyzed separately through a series of analyses of variance (ANOVAs). When significant differences emerged, mean differences were examined through Tukey HSD tests. Given that film instance and the various manipulations of counterbalance order exerted nonsignificant effects, mean performance was collapsed across these variables. The results of each task are shown in Table 1 .
Film Recall
For each participant, response protocols were scored on an all-or-none basis for the percentage of clips that were correctly recalled. All protocols were evaluated by a set of three naive judges relative to the outlines depicted in Appendix B, and a unanimous decision was required for a correct response. No novel actions (i.e., confabulations) occurred, so all errors were those of omission.
The overall ANOVA revealed two significant effects. First, a main effect for congruency [F(1,66) ϭ 9.78, p Ͻ .01] indicated that films accompanied by music with similar affect were better remembered (M ϭ 86%) than those with incongruent music (M ϭ 69%).
Second, selective attending exerted a differential effect on music/film pairs of varying congruence [F(2,66) ϭ 12.02, p Ͻ .001]. In the congruent conditions, those participants who focused on the films alone recalled, on average, 83% of the total clips. More important, those who directed their attending toward the musical excerpts also recalled 83% of the film clips-a result indicating an incidental learning of film information. Relative to either of these unimodal groups, recall was significantly enhanced (M ϭ 92%) when attending was directed toward both film and music ( p Ͻ .05).
Incongruent pairings, on the other hand, yielded a different pattern of results. Recall was highest when the participants focused on the film alone (76%), but it declined significantly ( p Ͻ .05) when attending was either directed toward music alone (M ϭ 65%) or divided between the film and the music (M ϭ 65%).
Tune Recognition
The tune recognition data were scored by determining the percentage of trials in which the old tune within a pair was correctly selected. There was once again a congruency main effect [F(1,66) ϭ 7.84, p Ͻ .001] in which tunes from mood-congruent film pairs were better recognized (M ϭ 79%) than those from mood-incongruent pairs (M ϭ 66%). In addition, there was a significant interaction between congruency and selective attending [F(2,66) ϭ 4.75, p Ͻ .05]. In the congruent conditions, performance was best, and comparably so when attending was directed toward music alone or divided between film and music. Performance significantly decreased ( p Ͻ .01) when attending was directed toward film but was nonetheless significantly above chance ( p Ͻ .01), indicating that some incidental learning had occurred.
Mood-incongruent pairs not only displayed a consistently lower level of performance but a differential pattern of results. Although tunes were relatively well remembered if one focused on them at the time of encoding, recognition accuracy dropped to 58% when attending was directed toward film alone ( p Ͻ .01). Those participants who divided their attending between both film and music also displayed an interference effect (M ϭ 60%) relative to those who focused on music alone ( p Ͻ .01).
Paired Discrimination
In order to assess the discrimination of matched from mismatched pairs, independent of response bias effects, a d¢ analysis was conducted from a procedure reported by Hochhaus (1972) . For each condition of the experiment, hit rates were evaluated relative to false alarms and then transformed into d¢ and bias values by using the abscissa and ordinate values of the standardized normal distribution. Generally speaking, a d¢ value of 0 represents random guessing, whereas a value of 4.65 would represent perfect discrimination accuracy. Bias scores (B) independently estimate whether participants are differentially inclined toward same or different responses. B values of 1.00 reflect no bias, whereas values Ͼ1.00 indicate a bias toward "different" responses, and those Ͻ1.00 indicate a bias toward "same" responses.
The d¢ analysis revealed a main effect for congruency [F(1,66) ϭ 17.58, p Ͻ .001] in which the participants were better able to remember which tune was paired with a given melody when there was a mood-congruent rather than an incongruent relationship. This effect, however, also depended on the direction of selective attending [F(2,66) ϭ 15.75, p Ͻ .001]. In the mood-congruent conditions, performance was above chance for all three attending groups but was best when the participants attended to both film and music in tandem. Memory declined when attending was directed toward music alone ( p Ͻ .05), and it did so even more when attending focused on film alone ( p Ͻ .01). In contrast, in the mood-incongruent conditions, the participants were unable to remember which tune was paired with a given film, regardless of what dimension was attended to. Discriminability did not vary from chance in all three attending groups.
The analysis of the bias scores simply produced a main effect of congruency [F(1,66) ϭ 5.37, p Ͻ .05]. Although values in the incongruent conditions were significantly greater than those in the congruent groups, none in fact varied from 1.00-indicating that bias was effectively absent in all conditions of the experiment.
Discussion
The primary finding from this first experiment was that the encoding and remembering of music/film information is influenced by mood congruency. Across all three memory tasks, music/film pairs displaying incongruent relationships were less well remembered than were mood-congruent ones. This finding is consistent with previous research showing that mood-congruent music can direct attending toward relevant visual information (Bolivar et al., 1994; Boltz et al., 1991; A. J. Cohen, 2001; Marshall & Cohen, 1988) and enable viewers to generate inferences about the characters' behavior (Boltz, 2001) . The film's encoding, then, becomes a highly elaborated one that can easily be integrated into a coherent framework for subsequent retrieval. Incongruent pairs, on the other hand, display a musical affect that is seemingly unrelated to the sequence of activities. Given that there is no basis on which to integrate the film's activities into one interpretive framework, the remembering of both film and music is impaired.
The manipulation of selective attending further revealed that mood-congruent and -incongruent relationships led to different encoding strategies. In the pairings in which the mood of the music conflicts with that of the visual story, the encoding of each dimension appeared to occur independently of the other. Although film or music was relatively well remembered if it was selectively attended to at the time of encoding, there is little evidence that an incidental learning of the other dimension also occurred. In addition, music and film interfered with each other when attended to jointly, suggesting the mediation of a more centralized mechanism whose processing capabilities were exceeded by divided attending. Finally, the paired discrimination task revealed that all three attending groups displayed a chance level of performance and an inability to remember which tune was paired with a given film. Hence, mood-incongruent pairings not only lead to an independent encoding, but to nonintegrated memory representations as well.
Mood-congruent relationships, on the other hand, reflect both a joint encoding and a unified memory representation of music and film information. When attending was initially directed toward film or music, an incidental learning of the second dimension occurred as well. In addition, no interference occurred when the participants divided attending between both dimensions at once. The latter participants were able to recognize musical soundtracks as well did those who focused on music alone; in the case of film recall, the divided-attending group even remembered film clips better than did those who focused on the film alone. Lastly, across all three attending conditions, the participants were able to remember which tune originally accompanied a given film clip-indicating that the two dimensions became integrated into memory as a unified whole.
One final finding of note was a visual dominance effect that emerged consistently. Although it is difficult to compare performance between film recall and tune recognition tasks directly because of their differences, attending to music nonetheless was found to be more likely to result in an incidental learning of film than vice versa. Within the paired discrimination task, the participants were also better able to remember the particular pairings of film and music when they initially attended to the music rather than to the film. As a set, these findings indicate that film information is more likely to be encoded and subsequently represented within the cognitive system than is music.
EXPERIMENT 2
Experiment 2 was designed with two goals in mind. The first involved the issue of reliability: Would the results of the previous experiment generalize to a different set of participants within a different experimental paradigm? The second goal was to examine more closely the remembering of music/film pairs as a function of mood congruency.
The results of Experiment 1 indicated that moodcongruent pairings were not only jointly encoded into the cognitive system but were also represented as an integrated memory code. Given these findings, a corollary hypothesis would be that the presence of a given dimension should act as an effective retrieval cue for the other, and thereby facilitate remembering. In a tune recognition task, for example, the presence of the original scene in which the music occurred should enhance performance relative to conditions in which the scene is either absent or mismatched. In addition, this overall effect should emerge regardless of what dimension(s) participants initially attend to.
In contrast, visual scenes should not act as effective retrieval cues for mood-incongruent soundtracks. Recognition performance should be comparable regardless of whether a cue is present or absent, and in fact performance may improve in the absence of a cue, thus eliminating possible interference from a second dimension.
These ideas were tested in Experiment 2 by applying the manipulations of Experiment 1 within a recognition memory paradigm developed by Serafine, Davidson, Crowder, and Repp (1986) . The participants were presented with the same set of music/film clips as before, in either mood-congruent or -incongruent relationships, and instructed to attend to and remember the filmed activities, the musical soundtracks, or both. Afterward, all participants performed only one memory task, tune recognition, in which they were required to discriminate old versus new tunes when cued with the original scene, with an old but mismatched scene, or in isolation. If the results converge with those of Experiment 1, tunes from mood-congruent pairs should be better recognized in the presence of their original scenes, but music from mood-incongruent pairs should be better recognized in isolation.
Method Design and Participants
The experiment was a 2 ϫ 2 ϫ 3 ϫ 5 mixed factorial. The participants viewed a set of film clips that each resolved to a positive or a negative ending. In one group, the accompanying music was mood congruent, in a second, it was mood incongruent. The participants were divided into three subgroups and instructed to attend to and remember the musical soundtracks, filmed events, or both. Afterward, a tune recognition test was administered that included five types of trials.
Seventy-two students from an introductory psychology class at Haverford College participated in the experiment for course credit. Twelve were randomly assigned to each of the six between-subjects conditions.
Stimulus Materials
The materials for the presentation phase were identical to those of Experiment 1. The same set of 12 old and 12 new melodies from the previous tune recognition task were used, but they were rearranged into randomized blocks of 18 trials. For the old tunes, 3 were paired with their original scenes (old-matched); 3 with an old scene that was not the original pairing but that had an affect similar to it (old-mismatched); and 3 with no scene at all. The 9 trials for new tunes consisted of 3 in which a tune was presented alone and 6 in which a new tune was paired with an old scene. In all cases, the visual scene was a static picture that represented the closing shot of a given film clip. Four sets of trial blocks were created in which each tune cued by its original scene in Set A was then cued by a mismatched scene in Set B, had no cue in Set C, and was absent altogether in Set D. Two different randomized orders for each set were developed.
All stimuli were digitized onto a set of four Power Mac 6115 computers and arranged into trial blocks via the PsyScope software program (J. Cohen, MacWhinney, Flatt, & Provost, 1993) . PsyScope was also used for the presentation of stimuli and the collection of keyboard responses.
Procedure
The participants were tested in small groups of 3-4 individuals. They were given the same set of instructions as in Experiment 1 and asked to perform the set of adjective ratings after each film clip. Following this phase, the tune recognition test was presented. On each trial, a 1-sec warning tone preceded the presentation of a melody by 2 sec, and if the tune was accompanied by a scene cue, the scene remained on the computer screen for the entire duration of the tune. The participants were instructed to decide whether the tune was "old" or "new" through keyboard responses on the computer console.
Results
A signal detection analysis was conducted to obtain measures of discriminability and response bias for each of the three tune types-namely, those cued by matched or mismatched scenes and those with no cue at all. For each participant, three of the new tunes paired with old scenes were randomly assigned to the matched condition and the remaining three to the mismatched condition. The percentage hit rate in each cue condition was then evaluated relative to the percentage of false alarms and transformed into d¢ and B values using the procedure developed by Hochhaus (1972) . The results are shown in Table 2 . An overall ANOVA on the d¢ scores revealed three significant findings: First, there was a main effect for congruency [F(1,66) ϭ 19.69, p Ͻ .001] in which old tunes were better discriminated from new tunes when they were initially paired with a scene with a similar (M ϭ 2.79) rather than a dissimilar affect (M ϭ .38). Second, the effectiveness of a given memory cue varied with mood congruency [F(2,66) ϭ 8.13, p Ͻ .01]. In the moodcongruent conditions, melodies cued by their original scenes produced a significantly higher level of discriminability than those cued by old but mismatched scenes ( p Ͻ .01) or those lacking a visual cue ( p Ͻ .01). In contrast, melodies within the incongruent conditions consistently yielded a chance level of performance, regardless of the presence or absence of a cue. Lastly, a significant three-way interaction [F(2,66) ϭ 10.03, p Ͻ .01] indicated that these effects were qualified by the variable of selective attending. In the mood-congruent conditions, discriminability was significantly above chance in all cases, and matched cues consistently resulted in a higher level of discriminability than either mismatched cues ( p Ͻ .05) or no cues ( p Ͻ .05); the latter two cuing conditions did not differ from each other. Although these effects applied to all attending conditions, those participants who attended to film alone showed a significantly lower level of performance than did those attending to either music alone ( p Ͻ .01) or both music and film ( p Ͻ .01). Incongruent pairings, on the other hand, yielded a chance level of performance in all cue conditions across all attending groups. The one exception to this result was those participants who attended to music alone during the encoding phase and were tested for tune recognition in the absence of any cue. Here, individuals were able to discriminate successfully between old and new melodies ( p Ͻ .05 ).
An analysis of the B values revealed a significant congruency ϫ cue interaction [F(2,66) ϭ 7.97, p Ͻ .01]. In the mood-congruent conditions, B did not vary from 1.00, thus indicating no bias effects. However, in the mood-incongruent conditions, tunes accompanied by old scenes (matched or mismatched) were biased toward "old" responses ( p Ͻ .05).
Discussion
The present set of results converges with those of Experiment 1 by indicating that the memory representation of music/film pairs varies with mood congruency. Those melodies paired with a film clip of similar affect not only were better recognized than melodies from incongruent pairs, but they also benefited from the reinstatement of their original film clips. The enhanced performance in the matched-cue versus the mismatched-and no-cue conditions was observed for those participants who initially attended to both film and music as well as for those who attended to music or film alone. These findings support the idea that mood congruent music/film pairs are jointly encoded, so that attending to one dimension leads to an incidental learning of the other. An integrated memory code results from this joint encoding, thus allowing scenes to act as effective retrieval cues for tune recognition.
With incongruent pairings, on the other hand, evidence once again emerged that music and film information were independently represented in memory. Regardless of where attending was directed, performance was at chance, and more important, a reinstatement of the original scene did not aid tune recognition. These findings confirm that with mood-incongruent pairings, attending to film alone is unlikely to result in an incidental learning of music, and in cases of divided attending, tune recognition is impaired due to interference effects. Only those participants who initially attend to music alone are able to successfully discriminate old from new melodies, and only then when melodies are presented with no scene information.
GENERAL DISCUSSION
The topic of mood congruency has long been of interest to psychology (see Bower, 2001 , for a review). In general, the past research has found that material consistent with one's affective state is more likely to capture selective attending (e.g., Eich, Kihlstrom, Bower, Forgas, & Niedenthal, 2000) , to facilitate learning (e.g., Forgas & Bower, 1987) and stimulus recognition (e.g., Schiffenbauer, 1974) , and to enhance memory (e.g., Teasdale & Fogarty, 1979) . These effects occur regardless of whether mood is induced within individuals, is endogenous to clinical populations, or appears within cross-modal sources of information. The present research both converges upon and extends this literature by showing that moodcongruent relationships not only increase the remembering of music/film information relative to mood-incongruent relationships but also lead to different cognitive processing activities. Mood congruency promotes an integration of audiovisual information at the time of encoding that is reflected in a unified memory code. Conversely, moodincongruent relations result in independent encodings and memory representations.
On a theoretical level, these findings can be interpreted within a framework specifically developed to address the cognitive processing of music/film information. This framework, the "Congruence Associationist (CA) Model" (A. J. Cohen, 2001) , is based on assumptions reflected in more general theories of cross-modal perception (Welch, 1999; Welch & Warren, 1980) . The basic idea is that the three main sources of information within a filmnamely, speech, music, and visual activities-are processed at four levels. At the most sensory level (A), the three channels of information are processed by separate modalities for their physical features. At the next level (B), however, cross-modal analyses occur in which the information is preattentively assessed for its degree of structural congruence and the number of stimulus properties that are shared. Much of this analysis is based on Gestalt laws, and when congruence occurs, the visual modality is assumed to receive primary attention. Vision typically dominates audition (Bertelson, 1999; Posner et al., 1976) , and such dominance is particularly likely to emerge in filmmaking, in which the primary goal is the depiction of a visual story. From level B, the audiovisual information is then sent to consciousness, short-term memory, in which people construct a visual narrative and attempt to make sense of the film as a whole. This process (C) is facilitated by top-down processing from level D in which long-term memory (LTM) is accessed to generate inferences (e.g., how characters typically behave in particular contexts).
The present research supports this approach and elaborates upon the nature of the processing mechanisms at play. Level B is most relevant, for there a cross-modal analysis occurs for the degree of structural congruence between audio and visual information. Mood congruency is a factor that will promote a high level of integration because as the previous literature has illustrated, the structural correlates of different moods are remarkably invariant across domains such as music, walking gaits (Montepare, Goldstein, & Clausen, 1987; Sloman, Berridge, Homatidis, Hunter, & Duck, 1982) , facial expressions (Ekman, 1978; Ekman & Friesen, 1975) , and speech (Cosmides, 1983; Williams & Stevens, 1979) . Hence, during a movie's viewing, the affect of music will direct selective attending toward corresponding visual behaviors (Bolivar et al., 1994; Boltz et al., 1991; Marshall & Cohen, 1988) . For example, happy melodies typically display wide pitch variations, "bouncy" rhythms, and a relatively fast tempo (Hevner, 1936; Levi, 1982; Rigg, 1964; Scherer, 1979) . If such a melody accompanies a "happy" scene, then attention should be guided toward similar properties within the ongoing visual action. Some support for this idea comes from Spelke (1979) , who found that infants not only spend more time gazing at films with appropriate rather than inappropriate soundtracks, they also tend to focus on those visual actions corresponding to the music's tempo. The mood of music, then, attentionally highlights common patterns of audiovisual action that promote a unified encoding.
This integration process is a highly efficient one. As found in Experiment 1, dual attending to film and music within mood-congruent pairings produces no decrement in performance, indicating a preattentive level of processing that utilizes the same attentional capacity that would be required to input one dimension alone. This is in turn useful, because even though an individual may not attend to a given dimension at the time of encoding, that information will nonetheless be learned and represented in memory. In accordance with the assumptions of the C-A model, this process is also biased toward the visual modality, in that film information is more likely to be incidentally learned than is music.
A joint encoding of music and film information confers other advantages to the cognitive system. Given the cross-validation of affective information from two different sources, an individual can be more confident of those inferences generated about characters' behaviors, and this increased confidence should aid construction of the visual narrative within level C of the C-A model. Although this prediction remains to be explored, the results of the film recall task of Experiment 1 indicate that an elaboration process does enhance memory: Relative to the participants who attended to film alone, those who attended to both film and music showed a facilitation effect. Lastly, the joint encoding of music and film both persists and is represented as such in LTM. Moreover, this joint encoding is not simply a representation of mood information but of the acoustical qualities of music as well as the sequence of visual actions. This complexity increases the probability of retrieval, in that one dimension can act as an effective cue for the other. Such cuing in fact was observed in Experiment 2, in which the presence of a scene cue increased the participants' ability to recognize the tune that originally accompanied the scene.
In contrast, mood incongruency promotes independent encodings and subsequent memory representations. Within the framework of the C-A model, this lack of unity can be attributed to a lack of common stimulus properties between music and film. In such pairings, the structural dimensions specifying the mood of the music conflict with those associated with the visual action, so that attending is misguided toward irrelevant information. Given the lack of shared dimensions in which to integrate the two mediums, each appears relatively dissociated from the other, and events in each are therefore processed independently. Behaviorally, the film technique of ironic contrast is often used to alter the perceived meaning of characters' actions. For example, the juxtaposition of Rossini's "The Thieving Magpie" with the vicious murder scenes in A Clockwork Orange serves to underscore the pathology of the characters' actions. However, even though ironic mood information may be processed to influence the interpretation of events, the lack of common stimulus properties prevents a unitary encoding. Hence, in order for encoding to occur, one must selectively attend to one modality independently of the other.
The interference effects that occurred in the divided attending conditions of Experiment 2 suggest the mediation of a centralized mechanism that has exceeded its limitations. Theorists such as Kahneman (1973) argue that such interference stems from an overutilization of resources from a centralized pool. Others maintain that attending is impaired due to structural interference between the two modalities (e.g., Hirst & Kalmar, 1987) . Some support for the latter idea comes from the cued recognition task of Experiment 2. Here, tune recognition exceeded chance only when the participants focused on music alone and were later tested in the absence of any scene cue. The presence of scene information, then, appears to have interfered with the processing of music and thereby to have disrupted performance.
A final issue to consider is the wider ramifications of the present research. In many ways, the perception of film and music is analogous to that of faces and voices, so it would be worthwhile to examine whether mood congruency exerts a similar impact on encoding and remembering the latter stimuli. If so, then the processing of music/film information may represent an overgeneralization effect stemming from those cognitive mechanisms utilized in social perception. Questions also remain about the generality of results from the mood-incongruent conditions of the present experiments. On an experiential level, the use of ironic contrast often seems to result in a vivid memory of the film information. For example, ironically contrasted scenes from A Clockwork Orange are very memorable, perhaps even more so than they would be if they had originally been accompanied by moodcongruent music. It is important to note that the present set of stimuli consisted of relatively short film clips that were average in their degree of judged memorability and were simply matched with music on the basis of their respective mood and activity profiles. It may be that a different pattern of results would arise from using featurelength films and/or scenes that are more extreme in their inherent affects. The latter stimuli would provide enhanced distinctiveness, and the former would afford elaborative context for given scenes-factors that are both known to benefit memory. With the increased context of a longer film, one gains a deeper understanding of the story's plot and its cast of characters, and in these conditions ironic meaning may be more fully appreciated. If so, then this may provide a basis for integration that would be reflected in the nature of encoding and memory representation. Future research is needed to examine the mediation of these additional variables and, more generally, the extent to which viewers are able to integrate the different layers of film information for the purposes of interpretation and comprehension as well as of attending and remembering.
